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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a steel having cold workability and high strength by 
containing a specified weight ratio of C, Si, Mn, Cr t B, Al, N, Ti, P, O and the balance Fe with 
inevitable impurities, having a micro structure of a ferrite/ pearite structure, forming a specified 
dimension of a ferrite grain and having a ferrite band discrimination point of a cross sectional 
structure parallel to a hot rolling direction in a specified range. 

SOLUTION: A steel contains, by weight, >0.38-0.58% C, 0.01-0.15% Si, 0.2-0.6% Mn, 0.005-0.15% 
S, 0.15-0.6 Cr t 0.0005-0.005% B, 0.015-0.05% Al, <0.007% N, 0.015-3.4N+0.02% Ti (corresponding 
to N content) and further <0.0025% (including OX) P, <0.0025% (including 0%) O. A ferrite grain 
size is <25 jxm, a discrimination point of ferrite band is 1-5. Further it is preferable to contain, 
by weight one kind or two kind among 0.02-0.3% Mo and 0.02-1.0% Ni. 
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[ mm ] j^nejs^WBiixar «jfi s n 4 auaoRa 

[*«*R] C, Si, Mn, S v Cr, B , A 1 t 
N, Ti, Mo, Ni. NbtRgty, fro, 5 ^Pffl 

WttKffiOttlfc©? x7^h^'> F 1 - 5 t t 

±iBJ^<^*JlS*«L** 1 0 5 0 *C 
£UL f±±tfaS* 8 0 0-1 0 0 0 V-cmMKMlsX 

800-500 °c(Du&mmz 1 ^c/mxr^w^t ^ 
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1 ] £S%r, C : 0 . 3 8 IS— 0 . 5 8 
%, S i : 0. 01-0. 15%, Mn : 0 . 2 — 0. 
6%. S:0. 005 — 0. 15%. Cr:0. 15 — 
0. 6%, B:0. 0005 — 0. 005%, Al : 
0. 015-0. 05%, N : 0 . 007 %5feit ( 0 % 
£^4?) IrtfL, T i ^N^*StC£&0T, 0. 0 1 
5-3. 4N+0. 0 2%©iaH^PfU P:0. 02 
5X«T <0X%*tf) . 0 : 0. 0 0 2 5%WT(0 
%%^t?) K-§*f|HJ|SgU ^SR^^fc^r/^pJMe-J^ 10 

<5 % "3 , #>-^ #lii&W:JSff lft&<: 7i7-fl- • 

A--5-fh ffi^T'* 9 . 7x7^ ttfi&Stf 2 5 urn 

^ h A > K ©If i - 5 fab & c t znm t ? z'&m 

[f$-$M2] $<5tC, fl%t, Mo : 0. 0 2- 
0. 3%> Ni : 0. 02-1. 0%©5 % 1 mgtcte 

[Sfjjc^3] M%"C, Nb:0. 002- 20 

o. o 3 5%^m-r^ct^mt^-?>nms\ ttc 
»fi*s 2 iBt£©#5.1*nxtt £ «?S^!t#tt*^l 1/ tcis 

[»>m4 ] n&m. i *>e>t«3jc3a3 ©^-rn^fciB® 

©f£#©S£, 1 0 5 0-CJiLh, «WigE&© 

tt±tf fift£ 8 0 0 - 1 0 o o -c. &raE5£tc3 I 

"C800-500 "CCDjaSffiH* 1 °C/#Ji(T©^3l 

arc^-r -s^frtc «t 9 «wg fcK&iitt&iBHinx u , 

-f h «J»T* 9 . 7i7-f[- *SSttS*s 2 5m mOTT 30 
> F ©i¥.£ *5 1~5-C*%^WifeS«fc'5K:-r-5)C<t* 

[0 0 0 1 ] 

[^©js-rser^»3 *#feBj«, wjsaaftAnfliai 

M^Mtotj, §<5tcl$L<«, #(C5-4 0 kHz©ii 
& ^JS^a-f >h© K7-f^> + 7 h-?^$S©J:9fr 40 
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D a D?:gXfl57JDXT-5»X?I. $ hiCZ ft 6 <Dt> 

uqx tua , fc^uttcne©^ tn* (canejt 

[0002] 

4-jti»4. cna, Haoasea. ^tt 

[0 00 3 ] JBiiaieii*5)J ! &IBe3S^©W»JSjltclRL/ 
TtJ, «#©tel«TO«K©{£«£ RgW£SI*©faJr#> 

siffi-r-sfc&T'a d . mmttfirsm.&mvmttvminz 
[0004] ttc, &w.ts*7 ha-^/j^oaso— w 

[0005] ttc. EmteA&MHxm-vtmL-a.* 

6Sl->i-7 hStcooTfe. WBUtt©lSl±. (EJStt© 
[0 0 0 6 ] ^«{©C ittsWe. g^^Mp n D © 

ts, 5 — 4 o k h z (Dmfegi-e-mm&mxtiirzm&iZ 

M$Li.\sX\,>2>. S£*©X?S-ca-5> 1 0 0 kHz MS© 

k> , mmmm<ommi£.te~c$>K). s«ffi©^$© 
ttffi^ss^cs^-caofc. cntcMur. *^^-c^ 
mt?z>. 5-40 kHz ©jijgtfcriSH^An-r-s 

(c. tt»«©»IB*axi4 <h ]ibJijfe^An»©S?t 

K^i4tttisi-s^©r-a5o oji), j&iaiftixttiw 

BaS*#tt©*«*i. lS^««An^SBM©SA©ISS<t 

m^.^> 0 ait. ^ra»nxtt©isi±(c j: n . msafrbftm. 

[0 00 7 ] CiaK^Ut, 1 -3 8 84 7#<& 

fgtcli, C : 0. 3 5jg-0. 65%, Si : 0. 15 
%«T. Mn : 0. 6%JJTF. B : 0 . 0 0 0 5-0. 
005%, Ti : 0. 05 0%WT. A 1 : 0. 0 15 
-0. 0 5%, $fcBSf>KCr :0. 5 0%*itg 
WL/, SWiS^KP : 0. 0 1 5%OT, N : 0. 0 
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J^ntt^« ^«<Dj»«teB«iftft 100kHz 

<b^<b, #«9Br»*tT4 5-4 0kHz©JBi«r 
*JB«^ftLfc»^CCB, aiKS lOOkHz T'*H 

[0 0 0 8 ]'ifc, «FHPF3- 1 7 7 5 3 7#^«tc 
B, C : 0. 38-0. 45%, Si : 0. 3 5%JW 
T, Mn : 0 . 3 — 1. 0%, B : 0. 0005 — 0. 
0035%, Ti : 0. 01-0. 05%, Al : 0. 
01-0. 06%, N:0. 01%tlT, ? * ^ h*§ 

^ K g$HRB8 0-9 0, J I S 0 5 5 8 "C^T 
: DM-T0. 2 mmHT«T SBSfWIW 

SA9©*^#BW£tt!K *0SftWM>SfclO*ttB+ 

b , s&r i/ *> ihja < ififfi c nt ^ & ^ (D&mttv *> £ . 

[0 0 0 9 ] 

Ah«o»acs*e3*sTja , i" s . *»e b c © j: 5 scwh 

[0010] 

*91-308^ C:0. 3 8S-0. 5 8%, S 
i : 0. 01—0. 15%, Mn : 0. 2-0. 6%, 
S : 0. 005 — 0. 15%, Cr : 0. 15-0. 6 
%, B : 0. 0005-0. 0 0 5%, A 1 : 0. 01 
5 — 0. 05%, N:0. 00 7 (0%£$&0 
^ML, Ti*NMt^Dt, 0. 0 15-3. 
4N + 0. 0 2%<£>®B#WU P : 0. 0 2 5%«T 
(0%*atf) , 0:0. 0 0 2 5%«T (0%£# 
tr) tc«&**0SRU £/cB£6tc, Mo: 0. 0 2- 
0. 3%, Ni : 0. 02 — 1. 
21^MU, SfcBSfcfc. Nb : 0. 0 0 2-0. 
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tK^^%««L,fci«aig«lAn«»ttr*i. 

[0011] *M01fcOT4<DR91B. ±l2^ClBig(7) 
fS^Oig*:, MfcffiS 3 !: 1 0 5 0 "CtiX-. JftlHBBffi©f± 
jHfSE£8 0 0 - 1 0 0 0°C, *WBEltC5l#»lr>'r 

300-500 "ccD&mmm* 1 xr/^Tco^iig 

10 PaTOXft© ^ * D«&*SsBX«EjtC 7*7-f 

F©ff** i - 5 -r ft si 5 tc-r * c t *m 
ft i *r 4 ^rai»oxtt & wsftK»tt l /c*jg ««s a 

[0 0 12] *«WCDlll»iiai*tt*m^*CifcJ: 
20 . [0013] 

t*H«»Antt*seRrsfc»cc, $«Hj£u &<d 
[0014] ( i ) ^McD^rBiJjnxtt^f^±^i±s/c 

Mtti. HCI4*6Mnitfi»K»A« 

ciJWWitAs. — isaaM(iAna©*»a^tt 

£*#£/c*^cCS£0. 3 8 %©t U WH««Antt 

30 [0015] ( 2 ) SR*t©a»-Cii!SO|Sl±*W* 
r, Il5JS«^ft14*ft±SttSfc&KB, Cr<Dgs 

migT i*mm?& 0 ccx\ tin, ti <cn> 

#HJraXtt£5£ftS-eS. TiN, Ti 

(CN) ^J:4WUB!<bCCj:D»iaS:»«Ja*ST5r^"r 

0. 0 0 7 %*«tCfijSt 4, #H¥3 - 1 7 7 5 3 7 
^*©a«3W?&IBfllXtt3W^+»"C*SOB, 

40 ««©»ia*ft6ii6*>ft«fc5«:. sas«5, 7, io 

Ni^O. 00 70%£t±r*4Ci3&JJKH 
(D— oijt^Sti^c ft^cJ, **«5, 7, lOBCr 

«*so. i 5«*»r*9, *Antt*cFaLrc»s4 

TiifcNBcWlEUt, !M««ir5C44«« 
r^^ e IMfc«*^fi0»B»|Ilieifttt49fefbS* 

[0016] (3) mw<Dm%^m$(Dfa±zmiix 
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FfilfcirSC 

[0017] ( 4 ) ft*fttt&®il£<Dftfr Ahtt«Ctk 
<§:tt<5«, ffiAfc? h#7i7-f 

stages ta<&?>* *«arcw:. ae«ift«Ati»© 

El 1 tt, *JiigaRA*iWoai»tc 7x7>fF/0 F*s# 

H 1 0C7f*UfcJ:9fc % fl&JSi&MAft^ tg*'*- 
^ -Y hJB*©*^* 5 *!*^^^ ^ K tt;* 7 x 7 

v;l/f->if >f FJifc*-^ • fcJtU 20 

6 k , ^ x ^ f ttssweyctt « £mm<DffimzM&& 
©aiitfcist*^. euupfc. ? x ^ h <d*&s«l 

^1 -3884 7 ^?ECD|ISfiW«B*ES n/tiS£^© 30 

■C, 7x7>f F'O FOStttt. EI2K:5*rJ:5fc. BS 
W4 5fttiffiAB*^S?^^T r B#£JR3fc£!£ffr 
3 4«»9-^*9 6 1MJ tCfc^ri^7CD7a»«:W 

4#^9-^CD»9 5 71-9 6 2RtCtt, 8BH<D<t*5 9 
r7x7>f MW^J;STt-xft^ ffe a a & 40 

ttiiaJfiibOKBCCoti-cj **E*fcS*vCtet>. H9 6 
1 H£tilJS 7-8 frfctt r«H*fflHK)aff 

5*r*fcaMc* Photo. 4©ii?X^ff)Sl 

fc, j iisi^ftT*?^ pimcd rph o t o. 4 c 

lassifications of ferrite 
bands (x 5 0x2/3 X5/6) J Kltt 1 - 
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tat. ftPaEM^tC^fttBrmOffiJ*©, ±I50B^ 
&IR^i£ff 3 4#JH9 5 1 It£Icn/c7x7^ F 

7 -f F G>*S JMfc&* £> fcttWTCCtWK 0 . 7 ^ 5 -f F ^' 
[0 0 18] (5) m&ftHL&<omtf<Dy h'* 
* 1 0 5 0"CK±i*«>CC«3EL, ffS4£<D{±±tfSK 

[0019] (6) . ttraspxacMiw©^^^^ h* 

[0 0 2 0 ] ( 7 ) Set,, MifiKAhttOSlltfftt 

[0021] *^tt^««atta*n!!.«:t>i^"c 

[0 0 2 2 ] JWT, *«wtcoc^r«NBci»w , r s. 
[0023] sr. es»©iB£ffi*6co^rttwrs. 

[0 0 24] Ctt^i£«tt«K*^**©K^tt7C 
fTC£>&^ 0. 3 8%«Tr«!^**»$*ii«r4 
Ci^-Ctr 0. 5 8%«r*8x.Si?e< &orj^pj*n 
XtttfSSftr*©^ 0. 38©-0. 5 8%CD®Brt 
(cr fctS^B^o. 4-0. 5 6%r* 

[0 0 2 5 ] Si tt«iC!>RM5C**6a7cJR"C*S 4 4 
cc, MKsfiWttSltK. jfcAtitt*^*., ^MO©:{tffi6t 

-ecr>#W«*0. 01-0. 15%(DlSHrtCC 

r*i£»3W*s. ifaWH»o. 03-0. i%r$> 

So 

[ 0 0 2 6 ] Mn WJHa«Ahtt©ll«K:Watt7C 
6. — If, 0. 6%£i®x.£<^ «S©±#*iB*»IH 

Jjaxtt^^trsor, o. 2%-o. d%commwc 

TS£*3&s*5. SfaiaffiiiO. 2 5-0. 5%T* 

[0 0 2 7 ] SWT'MnS^ML. CftK:J:2>a 
WttOlSJiiSWiLrjRUnr** 5 , 0. 0 0 5%*i 
T?tt-€-OS8*»^+»r*4. -77, 0. 15%^ii 

<b£J3<o «±<D«S**6, SCD^WS^O. 0 05- 

0. 1 5 %©f5Bfltcr *fa«H«o. 
0 0 5-0. 0 4%T*^4o 
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[0 0 2 8 ] Cr »*WKSO*!ra*PP^rili«ififtA 
tife&ft±$#Z<DfcWtott&X 0. 15% 

(^i^ib, ^©SfKO. 15-0. 6%<D^Kft 

<Dff»»ffi-»B^a*lPl±3**. 0. 0 00 5%* 
wotjan-ctt. ±E©JB*^+»-C*f3, 0. 00 5 

0. 0 0 0 5-0. 0 0 S%ommfotC'1'2>ii!&&$> 
£ e Jffifi^ffiteO. 0 0 1-0. 0 0 3%-C*5. 

[0030] a lttMBBWibraara-rs. o. 015 

X*^B*©J8*^+» , C*5. 0. 0 5% 

A 1 N^IBlMf ^gWtU^l^t^ff 

fbs-sa. eui©as*>&, -eo^Wfi^ o . o i 5- 

0. O5%0lirt^1*^£^^^ o jifjiii^O. 
0 2 — 0. 0 4%t*4. 
[0 0 3 1 ] N««T©2 *<Dffl***&S*fi< 
^Ci^LK ®B&*±IE<DJ:5fc^Aft14ft±v 

©S/c. Ntt«*©T i cbS^o< <hffiA&T i N££ 
fit I/, aS**BJnS-ti:S<btfe«:, T i NjWWMMi© 

l^BttNl*5 0 . 0 0 7 %tt±0»^f#tC^#T'* 
fiLb<DffiS3&s6, f^ttMO. 0 0 7%*«OC 

sopr-t £ * ^ - tfMmm « o . 005 %«~pc * 

[0 0 3 2 ] T i tt«*tNilB^LrtT i N*£fiST 
cntC<fcS@SNCDHS«:cfc4BNCD«faiKF±. 

f3B«B©wff*aw<!:u , r«jn'rs. u^utt* 

6, 0. 0 1 5%*«rtt*©SS*tt^+^T*4. — 
ft, T i *NSW«{CjCt;r, 3. 4N+0. 0 2%£ 

©*W»*N***«:j£i;"C. 0. 0 15-3. 4N + 

o. o 2%ommfa^z£M&%>z>« *hmbb«. 

0. 02-3. 4N + 0. 0 15%t45 B 
[0 0 3 3 ] Ptt^Befi^SJKffiKftiK*, 



1#H¥ 1 1 - 2 1 7 6 4 9 
S 

S£0. 0 2 5%tTF (0%^5^) tcWB-TSsKJI* 5 
JfJSKffiBO. 0 1 5%t(T (0%£^t?) T* 

[0 0 3 4] S/c, OttW^-CA 1 ^©cfc^ttBtffctt 

frtit* ^WJJDXtt^ tr ^ o o 0.00 

10 *3&»6, 0 . 0 0 2 5%tTF (0%4-3 

tO KHWR-r-5'i»^*4. JfiifiHttO. 0 0 2%J^ 
T (0%£#tr) 

[0 0 3 5 ]^C *M3%Wm 2 IftCTirtt. Mo. N 
i0 1«Xte2g£^W-T£o 

[0 0 3 6 ] Mo tt«tc?&fi, iAnttlr^i^ 1 1 h 
JWraS-i±5©tcWS9&7c3R'C*5^ 0. 0 2%*it 

tt*<D»»»*+#-c**K o. 3%*Sx.TSHjnrs 

20 -e£>^WS£0. 02-0. 3%0®HF*3&CT£ 

[ 0 0 3 7 ] N i 4>ii0c3&g, iAnM4^^0tcf 

o. o 2«*j«'Ctt*©«*ii^+ 
#-c&9, i. o%%aArastti-rsigg$cD±s€:e 

£0. 0 2-1. 0%CDKHrttC"r^igJS^*S. 

[0038] -xtc, ^mmwBsn^mvte. Nb^ 

ff^ e NbttWOC, N£tStfol>TNb (CN) 

fc*ttb, fe a 0 ScD»Mtocw^^^r^4 o o. o 

30 0 2°/o*jSttt^«»+&t*5. — ;8\ 0. 0 

*s»<fc-r« fete, «* * mttEmMmvmmtifi 
mmtcbz. &L±<Dm&&h> ^©mmo. 002 

-0. 0 3 5%©ffiffirtCCT£i#g#*£. $f®f5S 
tt. 0. 0 0 5-0. 0 3%-C£>£ 0 

[0039] wuc % ^m&w-em, mNOBXStfO 5 2 a 

40 l-^5©eBK:«|RT5. 7x7>fFA>F{DS^ 
±iBCD<fc^tcB*#R^i£^3 4#^9 6 1 Mtti 

sn/cW*"C*s. *»wtc*yc^r. aUfcH-^Scoj: 
[0 040 ] Sf, s h - ^-7*4 

if-f hfii»©J:5fe«J»»«l*s»ArSi, »[ffltt!Xl4 

[0041] ^a^c, «as«EAn^iiflnJ»r*4/cS) 
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£3Sx., 7 >f FA>F©ffj&#5*«*4£tete« 

tt, 7x7>fF *§H&S£ 2 0 u mJSTR i^IBK? ft 
[0 042] *«»E©«*3!4tt, fttiftfiK* 20 

1050 -ckjl f»paBEg©f±±tf as* soo-io 
oo°c, fRpjE®tcgi*jaBt^r8 o 0-5 o cccDSffi 

fc«*Mi«:(iMiBJiin:-J-*. 

[0043] **\ mrn^&^i o5o o m±£?z><D 

J:*. AflftaKAS 1 0 5 0 °C*iHi:-te: k 

F#JB*fctt 5 . *oa©*«?SM6An«©l!3 A 
7^t4. ttflkfiBtt* 1 0 5 0-C*«-Ctt. 

mm&tT i C^S*-C*fT i (CN) iL"Cfl^{b 30 

LT, 1 0 5 0 •CK±©flttr*DJ»-r S C iMSt* 
*l4S®Htel 1 0 0'ClcLtVt>i>. StfC, Nb« 

aiccfe^T, wjBisaiftAtia©*-^^^ f»s*i 

[0 044 ] J»BEBSOft±tf fflJS* 8 0 0-1 

0 0 O'Ci-TiOtt^OSSK: <fc*. f±±tfffl*W8 0 
0 6 C*St(^ 7*5^ F'OFtfffoS 5 

A-r& 0 tt±tfaut**i ooot^i^cb, ee 

* «MBBEg©tt±^f«S* 800-1000 °C 
SfiSttffl«8 4 0-9 6 0 e C-C££o 
[0 04 5] ^CC, JfclBBEeK:5l&ttl>T8 0 0-5 0 
0 °C(D&A®m%: 1 U/»WT©^iM^^r 5© 
tt&CMlSKiJ:*. »*PitaE*s 1 °C/s£Mx.<E>(^ E 

tofah, »aiaflEix;/#«TK:W»r*. » 
annuo. 7 9 c/s«K*^ e oc*> % >&ajaflE*/h 50 
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[0046] ^mmwTit, mftwjx. mm*$<D& 

[0 0 4 7 ] 

[0 04 8]il 

«SU sM»CJ6D-C»«fflBtra*ar 1 6 2mmft 
<DEMmtftLtc 0 JSPJSDXtCcfcD, iES3 6 

[0 049] Ba^O4MOtUtl0R«:ff t\ 7 * =y A 
Mg B B B tS, BESl^lftKiWfttKB©^*^^ F><> F 

[0 0 5 0 ] E^©«8l©tf *#-XB?S*W 

#lffl^Xtt©}i«£LT, JftHSDK 
[0 0 5 1 ] BE«**©»«*^ifc«*L/fc» 

[0 0 5 2 ] SfetC, K»*6W»2 0mm« 

it, «0ft»Wi»t-K:o^rja«»8. 5kHz-C]Sil 
8BRAti*fTt>. 7 0°Cx l «FW©gfefl=r«ER 

o/c e «0)ffi»4$ttttix l 0 5 1t^^^r©Bfp H 1^ 

[0 0 5 3 ] cn60H*IS*4^»PX*f1=<!:*to-tt 
T3I2, 3 0Ctk"T o *fflS«Atit*©«ffc»aSS«, H 
V4 5 0<Dm$ t i*ir Oibr*^Lfc 0 

[0 0 54] tb®W3 5«J I SCDS4 0CCD#14.. S 
fci:b$^3 Btt J 1 SCDS 5 3 C<DEM4T?*£. 
l§WO0. 4-0. 4 2«CaitCOli'CttJt«W3 5 

*IRW«O0. 48-0. 5 3%C«tCOl»rtt 
H3BWl3 6itt««-S4. *»WW©J«SSB«fctt, 
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